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(57) [fgft] 

I I-VMMb$#^fl^££*£3fcS^S&^ 

0 3 (MO) n ©«£$l--iSBWB0>&IS** Z.Z 
T-RWu Sc, In, Yt^yfiyftTtM CK'?*96 
7-7 1) ^e>ilSS^SnSHii©7t^T% Att. F 
e (III), GafcAl#&iMBW3ft*3flW>7e 
3£T% Ml*. Ms, Mn, Fe (I I) , Co, Cu, 
Zn, Cd*v&jWB«RSn6r.*©7a»n». nlilSH 
± 9 J^T<Z>Sg8rT?&5. iltYbFe 2C>4«»Z>§ 
^•ICte, RAMO4 (n=l)fl!6ftfeJ8U InFe 
O3 (ZnO) aflBBOtift&tCttRAOs (MO) „ (n = 

£ft<Z>££HBSY b F e 2 04&£W*I n F e O3 (Z 
nO)„ omm£T'*<D&*tm a li I I I -V«fiMt 
fl^fttWWtfffM© 1 o («. GaN) il&^-^FSHr 

#±5 %&rf iLt£2>& ^aft^n*. 



pAlOftHJ — " 



dQiMI — W 



(2) 



1 



(a) tfriBSSli, H8S^ii^;RA03 (MO) 
S0*»tC*Baa»T»»»J. ^'tRttSc, In, Y 

fc5>*>*79R CK-7-S#6 7-7 l) *»e>3Wisn 

fclo*5^H3HR©5S*"e, AliFe (III), G 
a, Aimo££VHi»Z>n3iiT% MttMg, M 
n, Fe (II), Co, Cu, Zn, Cd£)l&&l& 10 
MTC- n tt 1 Rh©B9RT& »J , 

( b ) ttna^WtC^^S^tmii, Y b F e 2 04«l 
38S2**Htt I n F e 0 3 (Z n O) n ®#Ei3!<Z>*£Jltt 

(c) Krgassswtc^ijes^tmti, in-vfift 

&**^«s(»?*»S:*1-*ii:ft««fc'r*a6K (1 
2) ±Extf**3/-WWa*UfeI I I-VJHSMb** 

M#*2J ftriBl I I -VMSMMM^WWmti. 20 

GaN, A 1 N, InN, GaAIN, GalnN, A 
llnN, GaAlInNkgi®-aiS:AsfeSV^ 

[ff:&B33 nli9J^TT'&S3fc£#gti:1-.5!if# 

[»#*5] n = i x-$>2>z.t *!tmt^-z>m&i%.4 

am*. 30 

[ju*«63 «n&g^cmuHKtmi*. see 

aMg04, InGaMg04, ScAlMn04, S 
CAIC0O4, ScAlMg04, InAlMg04 

'[«#* 73 *wb 1 1 1 -vssf&Htf^wa»i±. 
1 1 i-vmmtA^mmm^^p^t^mi 

[it** 8 3 tfna^^Sr/rbTms^wvsj:^^ 

(l 9. 19') fcS&Ctf-rsrfcjfcWfiU:*-* 
M#^7®^^ 0 
[»*«93 tfrBBlSm ^ftl'— 9*5^LE 

[#&5i©I¥ifflfcS&(8] 
[0 0 0 13 

^j&flcftfPf (G a N, A IN, I nNtZ.tl<b<7>&&) 

tizmu #{c£^icx^**s/*;w&sufc¥«# 50 
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L E D, U~ if, 

[0 0 0 23 

[*£fc©&ffi3 1 1 i-vjHafb*»±. #feauM3j:tf 

{CBSLTti. S.Strite et al., J. VacuuiD Science and 
Technology B, Vol. 10(4), p.1237 (1992) S#fig©i 

[0 0 0 31 1 9 6 o^j^i 1 1 -vmmvfoizm? 
Mansasfgtm (a 1 203^1^7 r-fr) »*. Ga 

N4:-i. 3 5%©&-7-;fg££3b<&.&. 3^T% 

(a s -af) /af T'JggeU a s (igffi© 
&3-imX\ af (*-f©±tC?K«a*l67-f;i/A®»T- 

li 2 0 1C ICjStfS =fc© ^XMe-r 
[0 0 0 4] #<ffl8tt*q£KfcLTfflv**fciMcflB» 

*/h>b •&#{$©'£. ffitt<Z}tt£<z>&i(c& gfb^j 

t fc, ismcoafcK-b * s/ 3 >xo^ i y 9 7 

<DZ.t. cS^lCifc, M.E.Lin et al., Applied Physic 
s Letters, Vol. 62(26), p.3479 (1993)(Cj:4li£ SHfS 

mMiz*m^&rm%*mm*tH&£L*^z tx- 

$>-5t^StlTV>S. ttr^CD Strite et al.oafcfc 

5, SiC, MgO&5V>tiZnO#Mfc#{C*fU 8& 

StffLTI-^. I3&© Lin et al. ©HrfcTWU 
0Bft*JR34vr^.5) 6H-SiCtAlN Gfe&V* 
liGaN) hCDP^0^^^li*SmT-SS©ST'fe-5 
fcfc. S i C*m*fcJ«S**J:3&J:v^ftfrc& 
Sfcifr^Tn*. S i Ctm\M£<»m<z>W&Fm£ 

[0 0 0 5] LfrLZ.©S i C^0O»tg^S(D^ffiffil 

SlCjgfffiT* 1 -f ( 2. 5 4cm) OfigOtfxAT' 

^s(DiS n D B M©l 1 1 -VMfflbttfflrWBtcfiWSMStt 
0Dm*>^t--5h. AfiRCO^^tt (wurtzite) I I 

[0 0 0 63 



3 

Efttt. i i i-v«2fWfe^^ox£**^-r;wfc* 

•cts * «t e> JWtiKWtas^v 3 t 

T-&<5„ I I I-VMSHfcUfcWAtfGaNJ*. 

1fji&&V>tt«^5zinc-blende) *BS&#*-« 

[0 0 0 7] S. "^tt, (Materials Research Socie 
ty Symposium Proceedings, Vol.339, p. 173, (1994)) 
©XflttCfcHT. ■*77>f7»R±KJ*fi;Sl£fcI nG 
a N/A 1 G a NC^^xOjTCSfr&fcSWfififcSf L 10 
ED&ggjgsl/t^*. £(OJ:"5«sLED*«ipSRS*lfcz:" 
fctt*iffi«ftSftTV**. 

(0 0 0 8] 

{CfB^Lfca»JT*feS„ #$8Wttg«±{C?;i/yffi3?<Z> 

1 1 i-vimt&mmmzfemK.****** 

[0009] f||®!ftfcxhf*3fi/*;w&g$ii: 

fc«jBu ttt, isfii 1 1 -vmrntrnmomz^T 

liXjf«tf-^(^S<@&Mx«n«y^>y*-^ (rock 
ing curve) &5t^tt77-f*3Hr> (phi scan) {C«fc 

Ttt. «T©3^>W§^S«^l«WWCXh:* 30 

i) mwav> (0 0 2) tf-*©oy*>y*-^»*, 

*0>¥fg£lNI (FWHM) #2* 

i i) We/ton (10 2) tf-^©7rW^^r-V>«2 

i i i) flS©^l6li:feltSrfte)0t:- *©±*x-h 

[0 0 10] #«IJi©iR?tt. HRDBi^RAOa (M 40 

0) n «)«S#-«S^tm<^«*^*S. wIT'R 
tt, Sc, In, Yt^yny^TiM (JSW#*6 7- 
7 1) fr<b^2*%3H»Z)5TaSiT'. Att, Fe (II 

1) , Ga^Al^e>]SRSn«Hff®79R?. MttM 
g, Mn, Fe (I I) , Co, Cu, Zn, Cdfrb 

t\Z>rMV>7xmX\ n tt l £Lh 9 J^T©St$tT'# 
*L<tt3J^T<Z>St8rC'&-5. 3rT'YbFe204«|3g 
gJOQi^iCtt, RAMO4 Cffcfc>*,n=l) {b^fc 
JgU I nFe03 (ZnO) ffflE&OHi&fCtt. RAO 
3 (MO) „ (n = 2Rh) «gfW*. 50 
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[0 0 11] HRftlCJ|!tgJH£ffftm& r^Effi*©lt 
JiflBtYb Fe204»6^i*I nFe03 (ZnO) n 
<Dffimg>T\ att I I I -VMS<f!:fe¥# 

5%OTi:fcSJ:e>& (#*U<tt±2%«T) 
iiSRSIiS. ^rica&^SSStmtt. 
*£&:8gp-£2' £Lh©ffi|* (grain boundaries) 

[0 0 12] IIT'AIN, GaN, I nNOlg-f-JBSS 
att. -t*V?4x0. 3 1 1, 0. 3 1 8. 0. 3 5 3T' 
feS- •£<Z>£ftfe?£8ta;0tO. 3 11^60. 3 53 

nm© (tt£k&) m^z^z&im&^&tmm 

iiig^tt. 0-7 0%®I n£-£»£4ltt. jftO. 3 4 
3 n mt)0**ft»?jH& a lC*ff5-T £ =fo<OT*fe-5„ * 
WS»CJ:*»tEtt. *©te^5£®tatt, 0. 3 18nm 
a#0. 3 1 8nmJKT®ti*tfelltefi"r*t» 
£>T'tt&V\, 

[0 0 13] ft*OT-es«E©ffiff* LttStiftffitt. S 

c A 1 M g O4 t'G a N tfflr®fg^^li 1. 8 

[0014] iii-vimtwmmmit. Ga 

N, A 1 N, InN, GaAIN, GalnN, All 
nN, GaAl I nNjb*e>&&y;U-:7:6tg>jHR3n& 
=b<3DT* K-r?> h©^ LTfel^fc < T V tttNOft 
*5»J(cAsfes^ttPO/hS GiSi ofi*%OT©{t 

tt"GaInN)tt, Ga, In, NO^LV^Vfi^tt 
®^&&$-*-&0n*ttGa x I ni-xNfc«iSrt*. ® 
flrtr«jeU:C!ys^-axif**2/-v^/Mfe*U 3 tie, 

tt. *?»LTVv6j^6V*ttM^£!WRi:JtfcoTV* 

[0 0 1 5] L i G a 0 2 i: L i A 1 O2 tt 
a© I 1 I -V||gfl28^#©¥«#&g«i: LT8S 

[0 0 16] 

[&E©§£&s©j&flg] tfefe&ffi©gft-i&tB u * e> ic 

iSp° n K©I I I-VM^fcW^^fctm^xl^^^t/^ 
;w*J«g * «fc 3 3&dHE^ft^+«»3lW*^fft) 
4vc*fc. i©*^«5lKAflWUto^e)"r*i:» III- 

[0 0 17] -TT'tC^©<}:e){C|^WjSc*S-?^tt. 




5 

{g^X*.;U3fuf (low-energy plane) Tfe-S^^tt^At) 
TM*l/^~£T'£>-5. M*l£MgO© (111)1 
it. GaHtttim&MztifHte (-6. 4%) + 
S 0 tfrlMgOO) (1 0 0) WIZ (1 1 1) 

W*®»ft*»e> (111) Sfe^-fSifcttSftTJi 
UV^fcT&S. LfcASL MgO&WS2afflI 10 

[0 0 18] III -VM^fc^^^^ffl^* U 
V>S®«1f4ti> J»t*£l^fcH-©*&iatf8 (crysta 
1 symmetry) fc^rr-SSx*;!/^^ U Mfb$«C*f 

£J&£&ttifttt. Jtt8fl&fi3*r-©*3*£xAi:LT 
A#^fc%©T?fcW*tf#&&fcv\i 20 
[0 0 19] YbFe204MBB9!&£V^iI nFeOs 
(ZnO) n©«li^«>Hl5«P3gS;RA03 (MO) 
JTT * v % < _fcfa©3?#£g§J£-t-5 t>© 

gMfc%{CH-f.g>-r— N.Kimizuka et al., Journal 
of Solid State Chemistry, Vol.78, p.98 (1989) £ 
N.Kimizuka et al., Journal of Solid State Chemistr 
y, Vol.74, p.98 (1988) &*&©££.. 

[0 0 2 0] fuJ§© 1 9 8 9^£© N.Kimizuka 

et a.l.(DWiXoym la-dBYbF e2O48Bg^©tR0l 30 
©ffrS^fcHa^LT^S. YbFe 2 0 4 *ijgI?©g&5£© 
LWfc#4«*. ScGaMg0 4 , InGaMg 
O4 , ScAlMnQ4, ScAlCo0 4 , ScAl 
Mg04, InAlMg04 tfeS. InFe03 (Z 
nO) n SiWEiUfclfc'^tiU M.Isobe, Acta Crys 
t.C, Vol.50, p.332 (1994) {CM^^nTV^. Z.ZIZ 
Bg^Sttfc'ffc-^felCD^<o*^i, n#l 9 £KWfc©T* 
So*. IS^fClin{C*ff S^li^ftb^V^ n#9 
Rh©lfc-£^ #$8fB©g|ft©fett>lc{i, tmX'&te 
v^te^fe*J> z.*ui, n^9Rh«Hb^ret»ot 40 

bFe20 4 $S§I? (n=l) &£<^tt:I nFe03 (Z 
nO) n 8fjtMT'&#lin#2fc5^ti3T-&£. 
[002 1] 1 9 8 9^g^ffi©I&:£©^2j^e>;bfr5 
.fc-MCntfWfS^I nFe0 3 (ZnO) n 
Jg&att, n = llC*fLTli, 0. 3 3 2nmt*fe5ffl 
Ul*fU n= 1 2lC*fLTlJ, 0. 3 2 7nmi:fcy, 
— ^IS^jRctt. 2. 609nmj^!b8. 84 1nm 
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[0022] hi -vjfflw&mttowmmii.^ 

frtpZVJiymMmX'ZftiZttih&ym (hexagona 
1 symmetry) T'&£„ Y b F e204 4R3S££ I n F e 
O3 (ZnO) n *sfiSB^£A#fi*T*fc*. 3£lC 
±EO#Bi«B-efe*HRI(Bi^RA03 (MO) „©V*< 

K£v*ffl©ffr?S»«:#t<6. iK.KScMgA10 4 
hLuFeZn04 ©*ft**l©|£?jaE»± a « 0 . 3 
23 6nmta = 0. 3411nmT\ ScMgAlO 

So 

[0023] YbFe 2O43$tt4©££*tii&#0f L£ 

-?-©3&«U Ifr&aMSfcy-f^^J X (oxygen sub 
lattice) li, (close-packed) £tlTfc 

fc^hr^A^jz^j&^/ytBarzf**. .ae>tc*fcy b f 

e 2 0 4 ^m® F e 2 02iili, mmMlZV )Vyfaft<Dtt 

RAO3 (MO) ntftfb-o^li, (rock salt) 

33 J: Lfc «fc e> ^^M«)t«T*S> 

SfcJKrt-ifctfTfS*. «S©»&&»err*fc. 3© 

JU§©;&Mfcg®T*;&£. 
[0 0 2 4] ScMgA104 tt. *&8ICj:S<fb£tt 

© zfatpoy— oT*& »J 3ME©J!Tft*»#* L v W 

T'&S. 3tlb»^J<Z)7-a:=I^77.dr- (Czochralsk 
i) ^{CJ; *SS?K-;i/ (single crystal boul 
e) LT**Kj*iP»lire»*. 

[0025] fc^wmm®i<?>mmz4 4. oig 

®MgOil7 5. 3 1 g<Z>Sc203&a&LTJ8%U 
i©*®^*-*^ MfrCLTZl©'*Uy r*£5 5. 6 
8 g ©A 1 BOsi^tCtfefc©^ «J ^C?A§SfflSo(f©tf 
icg£, S^©«^$&§&g&ftT*N 2 TT-d©£o 
ffi5S*m«^<i:fe4N©i5i6S«:^t, 

tfjRSfifc*©"*?**. 

[0 0 2 6] d©iftB/Mltt, 1 9 0 0-CT'^tCMS^ 

mt y 5?9i4H©n y K&i® 

SlfcWIBfflv^rtlcaU #*£&©ScAlMg04 © 

<„ ::©?§lii[^©v;*tt*©&;i©#*>£^U 
■t©±tC«ftfl:S c A lMg04 jW**0fcn<y K£ 1 
5 r pmT'ESEU«:A^nPo< »Ji:3l£±lf£ (ilOtt 
2. 5mm/BJ) . 1-0. 5»B8»i©5IS±W«fS 
litS*^lcJiiiitT4inin/^i:>&:S«J;e>»c-rs 0 giss± 
tf^ffli, 4%»©*atT»«ISEU (17m 
mIfl:li"Ctt6 0mm«) Ctf>o< »J»ey^ J:"5lC* 
>y ^ Sr^f* iK-;UT', *SJ 7 mm©ii[gT' 1 0 mm©S 
3©=b©5:^;-ts. zi*ili^-;n^©ltiai>^:g^ 
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d<-;U (-e©f^ffi&Tfi£li 5 0 mmSTli) 7 mmffl 

[0027] -j^bw*'>- R»sw«»e>ftSfcf»S2S 

[0 0 2 8] ScAlMg0 4 H mwmmxm&m 

s. . 

[0 0 2 9] ±fB©#&T*f&ilL£:ScAlMgC>4 # 

fcoT^gtSJxS. -£©&::©:x5-'fX&S&fc©:frffi{C 
*yffl*^oyiU:lc8»RU (gfl£55) 

LINDEA (gmffiWd tLINDEB (3m& 

£g*llft{C8Flf I n £W^S*Ql&:7*0 y£JC3 
©X5-rx8:V\>*#tfU 7fi8E©MBES/^-f-ArtK 
luiBLfc (R.J.Spah et al., Applied Physics Letter 
s, Vol.53, p.441 (1988)) ^^XVV-^T?* 
<oXW&~$ 

[0 0 3 0] Z.0>mm*Mg&T-l OOVtX'imU 
-?•©& 6 0 0 TC i; 6 5 0 TC©ra©?aST-^^XvlC 30 
fiv 3©^y^Xv(i, 6 0-8 OmTo 

r r©N2 rtT*RFAr7-# 1 0-2 0 017 *y r-T*®^ 
5**15. I®fI©RHEED (reflection high ener 
gy electron diffraction MSfigx*;i/:*?fldH3&T) & 
ZL©^'D-fe^©fa : E— *-f€>. ^WIC^^XVIC 
XSfiORH E E DA * - >{C&&# jl 
6>ft£. *©^r©StgS:Ga^©£/-\ry*?:Bg<Clil 
iZ «fc y G a \Z- AtClg U ^ITGaN ©^*W&t* 
S„ Zl©Ga£5©l&gli, GaN©^l/-h^80- 
5 00nm/B#h&S«fce>fCl85£;*ft£. d©RHEE 40 
DA* - M*G a N©J&g©ff§&f§lS)iiV * (brig 
ht) T'&S. ZL41&A l203±©GaN©fiS;S©X^- 
hl§©A# -^^©^©gSai^-* HHM+Z. S 
cA lMg04 ±©GaN©+>->:7 p ;i/©RHEEDA* 

fclfesfeT'&y, ZL©z:i:ttGaNM©i®K^ffiM&^f* 
•TS. ^©^^^©-b-^y;!/?:^^^^^*^^ 

yi&£$ e>jcx«i^f v- KA/$ *i»>;*T**)oT 
#r*-*_tT'*?;foru «&#©?(;y-K;i/^*-fe>xttjt 50 



3cS«-?@H8iS8 (10KV) 

[0 0 3 1] mwxmgMtfjj&i&z+^vttztz 

;i/At± (0 0 1) ^T*^2©^|pJtt*e)tl^^o 
fee -b-^^;!/© 1 oli, bf^8 0nm©J|$T'fffl7 
7 -f I I I-VM^fc#7-c;bA©*fjS1-S 

ass^-***; 0. r t£HW£fr^t-„ mm 

I I I-VMSffc^^bA©^^*, 7 
^;bA©JP$#if^Co*VCJKfcy, 0. 

2®GaN7^M (2/tmf$) (DUy^-y iff)--? 
(rocking curve) ttO. 3* ©FWHM^Lfe. 
[003 2] ±13© G aN7-f A A©* V - *iz 

nt-m&yjmyjfrMztiMLT. mmiz&zyj 

[0033] ±IB©*S{C «fc »J MS Lfe. G a N©SJg 
7±T*l^-|fe#T'^ UfeG a N J: y tilg & 

[0 0 3 4] ft^iJ&Wi?S^©?§§&#> (stoichiometric 
melt) fctt7^&££(C.|:yA53-&£:S cAlMg 
O4 ©JNHArtl/y h- «*d(WtfcWI&l cm) _klCG 
a N £j^£1^jmtK%£ffi#l9e>tl&. £ e>lC£ fe 
*5S^{C«fc5^«$4©^«{Cflfi©^^$|5t;igEST*g 
S. S&lcS3fl#tt. I I I - VJNSM&tt¥*ft&££ 
±fC^Jc3-fr53i:li, #1*Lt>MBESn?&.5#3ltt: 
fc<aS**H^*.tfMOCVD. ^tmg (vapor tr 
ansport) , SfStt^-y # 'J >Wb«VMty5X7U 

[0 0 3 5] *^lC«k ysfehtc I I I -VM^fttJ 

mbftttm3mm<m?'£tez>£ : !>iz#m-tz. z. 
mzmbxit, tmas. min&tt&mnz-t. m 

>ytmgjfimm&*ifrLxw^wtfiz> 

[0 0 3 6] H1WU *«WCJ:ya(E12±tCl I I 
- VMfiffM 1 1 Sr^l-Sf^W^ LEDIO^ 
+. 3©M«fiili, GaN0/^77ll3t n-G 
aNIHL n-AlGaNH5t, InGaNf 
16t, pAlGaNjgl7fc. pGaNil8 ilgt* 

19 iii 9' £*»e>fcy, zmtttuJi©s. w©03 

il|S|^T-feSo M^it©/'N'^->->^i, S.J.Pearto 
n et al.. Materials Research Society Symposium Pro 
ceedings, Vol.339, p.l79(1994) IZfflBZtlX^Z. 



(6) ^^Iftfflsp- 8-28 8 220 

9 10 

itSr^S. 14 nGaNi 

[0®<Z)fS#«:Ui^] 15 nAlGaNl 

[0 1 ] ttffltt^ .fcSsg^Wttf L E D^Wrffi^-r® 16 InGaN® 

MPf|tf)U$3] 17 pAlGaNf 

10LED 18pGa N^i 

11 ii i-vmmtmM 19, 19' t&& 

12 S£ 

[013 
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1 1 1 -vJH^fcftS 



pGaNJH 


— 18 

— 17 

-15 f 


pAlOaNJB 


I nGaN# 


nAlGaNfi 




nGaNJB 







— 12 
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y*V*&mBL 07940 na-sj-v-s; 
— '?i? s J>T'<— =l— ~?v~fl\s 49 



(72)3§t$!# I'Jt-yh rt«7- h\ A- h 7 * - K 
7*U^r#H> 07974 —a.-*Jv-V 

3.- 299 

(72)$&fB# ^^i/*, i/o.*;*^- 

7*Vtl&mL 07042 -a-y>-y 
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